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Abstract: This paper deals with the problem of General Shape Analysis. Simple shape measures based
on a minimum bounding rectangle are investigated so as to obtain and compare general shape
characteristics. The goal of General Shape Analysis is to ﬁnd for each test object the one or few
most similar templates. Thanks to this we can determine general information about a shape, such
as how rectangular it is. Our work involves trying to ﬁnd a shape descriptor that is simple to
derive, allows for fast matching, and is the most consistent with a human benchmark that has been
collected from the appropriate inquiry forms. Some experiments using various simple shape mea-
sures were performed. A concise explanation of these experiments and some percentage accuracy
results are provided in this paper.
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1. Introduction
The application of a shape as a feature for recognition is a result of its advantages, such
as the possibility of invariant representation using shape descriptors. Although the General
Shape Analysis (GSA) problem is related to the traditional recognition and retrieval of shapes,
only the similarity between a processed test object and a template base is analysed. In order to
estimate the degree of similarity, a template matching approach [1] is utilized. Each shape is
ﬁrst represented by either a scalar value or vector obtained from a particular shape descriptor.
Following this, each test object description is compared to each available template description
with the aim of ﬁnding a match. Matching is performed using either a similarity or a dissimi-
larity measure that allows us to indicate the most similar shapes. GSA concerns a small group
of general templates and larger group of more complicated test objects that do not belong to
this template base. It attempts to determine the most general information about a shape, such
as how circular, rectangular or triangular it is. The GSA problem is depicted in Fig. 1.
There are several applications of General Shape Analysis. The authors of [2] have used
this approach to perform a coarse classiﬁcation of stamp shapes that had been extracted from
scanned documents. Digital copies of traditional paper documents that are stored on a hard
drive can be used to print falsiﬁed copies or taken as forensic evidence. Unfortunately, the
stamp recognition process is not trivial since usually there are no standards for the shape of
a stamp. However, stamp shapes of ofﬁcial stamps are more regular and unadorned. For
example, doctoral stamps are rectangular and governmental ones, round. Therefore the type
of seal can often be identiﬁed from an indicated general template [2]. Another example of36 Dariusz Frejlichowski, Katarzyna Go´ sciewska
initial classiﬁcation is mentioned in [3]. Here GSA was applied to the searching of large
databases, where the whole process could be sped up by narrowing the group of the most
possible matches. Such a classiﬁcation can be performed iteratively, whereby more detailed
classes can be recognized with each iteration. Moreover, the analysis of simple shapes can be
also utilized for large multimedia databases. This concerns the application of voice commands
to shape retrieval [3].
Figure 1. An illustration of the General Shape Analysis problem — which simple shape(s) is (are) the
most similar to the test one?
TheproblemofGeneralShapeAnalysishasbeeninvestigatedusingvariousshapedescrip-
tors including: simple shape descriptors such as X/Y Feret shape measure or roundness [3]
as well as more sophisticated and complex solutions: PDH [2, 4], Zernike moments [5, 6],
Generic Fourier Descriptor [7, 8] and Hopﬁeld network [9, 10]. However, there is still a need
for methods that result in higher accuracy values. Therefore several shape descriptors, which
have been selected by Paul Rosin to be global shape measures and are reviewed in [11], are
investigated in this paper and newly applied to GSA. According to the author of [11], global
shape measures describe a region using a single value, hence making the matching process
simpler. Moreover, if a region is described by a combination of shape measures, then there
should be sufﬁcient information to discriminate one shape from another. Generally, global
shape measures are based on the deviation of a processed shape from the best matching per-
fect instance of this shape. Some methods utilize algebraic combinations of primary region
measurements, such as a perimeter or area, while other approaches ﬁt a model to the data and
measure the discrepancy [11]. Since the main goal of a global shape measure is to capture
a general shape class, their application to the solving of General Shape Analysis tasks is
obvious.
For our work we selected several simple shape descriptors based on a minimum bounding
rectangle (MBR), which contained information about the area, perimeter, width and height of
the MBR region, alongside information about the rectangularity, eccentricity and elongation.
We investigated these measures separately and using feature vectors of their various combina-
tions. The description of the explored measures is provided in the second section. The third
section provides the experimental conditions and results. The accuracy of the experiments
was estimated as how well the obtained experimental results coincided with the templates
selected by humans in the inquiry forms. Finally, the last section concludes this paper.
2. Simple shape descriptors based on a Minimum Bounding Rectangle
The minimum bounding rectangle is deﬁned as the smallest rectangular region that con-
tains every point of a shape. It is also known as the minimum bounding box [12]. The basic
MBR measurements are area, perimeter, length and width. Together with the area of a shape
they are also used to compute the rectangularity, eccentricity and elongation of a shape [13].The application of simple shape measures... 37
Rectangularity shows how rectangular a processed shape is, or in other words to what
degree a particular shape ﬁlls its minimum bounding rectangle [12]. Usually, rectangularity
is calculated as a ratio of the area of the shape to the area of its minimum bounding rectangle.
For the most rectangular shapes this nears a value of 1. The disadvantage of the MBR method
is its sensitivity to protrusions from the region. For example, a narrow spike sticking out of a
shape region can signiﬁcantly enlarge the area of its MBR, resulting in a poor rectangularity
measure [11]. However, another approach can be utilized in order to overcome the mentioned
problem. According to [14], if the MBR contains only the majority of the shape, then it should
become more robust to small distortions present around the boundary.
Eccentricityandelongationmeasuretheaspectratioofaregionandcanbeestimatedusing
central moments as well as the principal axes method. However, the experiments described
in this paper utilize only the length and the width of the minimum bounding rectangle, con-
sidering the length to be the longer side of the rectangle, and the width the shorter one. The
eccentricity is the ratio of the length to the width, and the elongation is the ratio of the width
to the length subtracted from 1. A shape that is symmetrical across all its axes, such as a circle
or a square, will have an elongation value of 0. Contrarily, as the aspect ratio increases, the
value tends towards a value of 1 [12].
While the aforementioned measures are of scalar form, they can be combined into vectors
to obtain richer descriptions. Therefore, we selected six combinations of scalar measures for
the experiments. In turn, these consisted of:
1. Absolute measures, i.e. rectangularity, eccentricity, elongation.
2. Relative measures, i.e. area, perimeter, width, length.
3. All absolute and relative measures (seven in total).
4. Length and width.
5. Area and width.
6. Perimeter and width.
All measures as elements of the vectors take values within the range [0;1]. The conditions of
the experiments using both scalar and vector measures, as well as their results are provided
and evaluated in the next section.
3. Experimental conditions and results
Two experiments using General Shape Analysis and consisting each of several tests were
performed. The ﬁrst experiment used scalar shape measures, whereas the second utilized
these in vector form. Each test was carried out in the same manner and using a test database
that contained 50 various shapes of 200  200 pixel binary images (see Fig. 2). The test
data was divided into two groups — i.e. 10 template shapes and 40 test objects respectively.
According to the template matching approach, every shape was represented using a particular
shape descriptor. The Euclidean distance between each test object and every template was
then calculated. The three templates with the smallest dissimilarity values indicated the most
similar shapes. In order to estimate the accuracy of the experiments, the results of each test
were compared to the shapes selected by humans during the inquiries. The 1st, 2nd and 3rd
shapes indicated in the test are considered correct only if they are consistent with the 1st,
2nd and 3rd shapes selected by humans respectively. The order of the templates is important.
Therefore, the percentage convergence between corresponding indications gives information
about the accuracy of the experimental results. The accuracy values of each experiment will38 Dariusz Frejlichowski, Katarzyna Go´ sciewska
be sorted in descending order with regards to the 1st, 2nd and 3rd indications respectively.
The higher the accuracy the better the result is.
Figure 2. Shapes used in the experiments — 10 templates (ﬁrst row) and 40 test objects (the rest)
The ﬁrst experiment consisted of seven tests which employing scalar measures: four rel-
ative measures — i.e. area, perimeter, length and width of the minimum bounding rectangle
— and three absolute measures — rectangularity, eccentricity and elongation. The accuracy
values estimated for each test and for the three most similar templates are provided in Ta-
ble 1. The highest percentage convergence between experimental and human indications was
obtained when matching areas and widths.
Table 1. Percentage accuracy of the ﬁrst experiment
Scalar Three most similar templates
measure 1st indication 2nd indication 3rd indication
Area 15,0% 7,5% 22,5%
Width 15,0% 5,0% 7,5%
Length 12,5% 5,0% 5,0%
Perimeter 10,0% 12,5% 17,5%
Rectangularity 10,0% 5,0% 10,0%
Eccentricity 7,5% 5,0% 10,0%
Elongation 7,5% 5,0% 10,0%
The second experiment was carried out to investigate the accuracy of the vector mea-
sures. Six combinations of scalars that had been concatenated into vectors were investigated.
The vectors included respectively: absolute measures, relative measures, all scalar measures,
length and width, area and width, and perimeter and width. The individual measure as ele-
ments of the vectors values ranged from 0 to 1. The percentage convergence between human
and experimental results is provided in Table 2.
The highest accuracy values were obtained from the shape descriptions that consisted of
combined length and width measures. For the 1st and 2nd indication these were even better
than the results achieved from matching eccentricity and elongation, although all of them
utilize the same MBR measurements. Moreover, in most cases vector descriptions produced
better results than scalar ones. However, in general, the percentage convergence values of
both experiments are poor. Therefore, we modiﬁed the means of comparing human and ex-
perimental results in order to investigate whether or not the accuracy would change if the orderThe application of simple shape measures... 39
of the templates selected in the inquiries was not taken into consideration. This means that
all three human indications were considered as equally important and compared with each
experimental indication. Therefore, in this scenario a template selected during the experiment
was considered correct if it was the same as any of the three shapes selected by humans. The
percentage convergence values for scalar and vector measures are provided in Table 3 and 4
respectively.
In Table 3 and 4, the overall accuracy improvement is clear. The percentage convergence
values estimated for the two different approaches vary signiﬁcantly. This shows that some
correct templates were indicated in the experiments, but in many cases they were ordered
differently than in the benchmark given by humans. Considering only the second accuracy
estimation technique, the best results were obtained for the width and rectangularity scalars
in the ﬁrst experiment and for the vector composed of perimeter and width in the second
experiment.
The experiments demonstrated that by matching shapes that have been represented by
simple descriptors which are based on minimum bounding rectangle measurements, quite
Table 2. Percentage accuracy of the second experiment
Scalar Three most similar templates
measure 1st indication 2nd indication 3rd indication
Length+width 20,0% 12,5% 10,0%
Perimeter+width 17,5% 12,5% 12,5%
Relative measures 17,5% 10,0% 10,0%
Area+width 15,0% 10,0% 15,0%
All measures 12,5% 7,5% 17,5%
Absolute measures 7,5% 17,5% 10,0%
Table 3. Percentage accuracy of the ﬁrst experiment in which the order of human indications was not
taken into consideration
Scalar Three most similar templates
measure 1st indication 2nd indication 3rd indication
Area 42,5% 30,0% 32,5%
Width 42,5% 25,0% 42,5%
Length 40,0% 32,5% 30,0%
Perimeter 37,5% 30,0% 27,5%
Rectangularity 35,0% 35,0% 30,0%
Eccentricity 35,0% 32,5% 32,5%
Elongation 25,0% 42,5% 32,5%
Table 4. Percentage accuracy of the second experiment in which the order of human indications was
not taken into consideration
Scalar Three most similar templates
measure 1st indication 2nd indication 3rd indication
Length+width 47,5% 40,0% 30,0%
Perimeter+width 45,0% 45,0% 35,0%
Relative measures 45,0% 40,0% 32,5%
Area+width 45,0% 37,5% 32,5%
All measures 42,5% 40,0% 32,5%
Absolute measures 40,0% 42,5% 45,0%40 Dariusz Frejlichowski, Katarzyna Go´ sciewska
satisfactory results can be obtained. However, this strictly depends on the chosen accuracy
assessment method. Therefore, not only the selection of the shape descriptor is important,
but majorly also the manner in which we interpret the obtained results. The experiments
demonstrated that the differences could be signiﬁcant.
4. Summary and conclusions
In this paper, the problem of General Shape Analysis was investigated. Although this
is related to the recognition and retrieval of shapes, an exact shape identiﬁcation is not per-
formed. GSA instead attempts to ﬁnd the one or few most similar general templates for each
test object. By matching simple geometric shapes with more complicated ones it is possible
to determine the most general information about a shape, such as how rectangular or circular
it is.
In order to solve an exemplary shape analysis task, simple measures based on minimum
bounding rectangle measurements were investigated. These constituted: seven scalar mea-
sures, i.e. the area, perimeter, width, length, rectangularity, eccentricity and elongation of the
minimum bounding rectangle; and six vector measures that were created through concatena-
tion of the seven scalars. The vectors were composed of the following measures: absolute,
relative, all together, length and width, area and width, and perimeter and width. The ex-
periments were performed using 40 test shapes and 10 templates. The accuracy of these
experiments was estimated as a percentage convergence between experimental and human
results, the latter of which were provided by appropriate inquiry forms. The accuracy was
explored using two approaches. For the ﬁrst approach, the order of the selected templates was
regarded as important — the 1st, 2nd and 3rd indication in the experiment was considered
correct only if it was consistent with the corresponding indications made by humans. For the
second approach it was assumed that experimentally selected shapes were correct only if they
were the same as any of three templates indicated in the inquiries. The highest percentage
convergence values were achieved using both vector measures and the second accuracy esti-
mation approach. The main conclusion is that in many cases the templates indicated in the
experiments were correct but in a different order than those selected by the inquiries.
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